1. The majority of patients with early-stage CLL are managed initially with watchful waiting. The decision to initiate treatment should be based upon symptoms, advanced disease (bulky or symptomatic adenopathy/ splenomegaly or cytopenias), or evidence for rapid disease progression (e.g. lymphocyte count doubling within 6 months).
2. Patient fitness and co-morbidities should be considered to determine whether aggressive treatments can be tolerated. In physically fit CLL patients with mutated IgHV who are able to tolerate aggressive treatment, the combination of fludarabine + cyclophosphamide + rituximab (FCR) is recommended. The potential for toxicity of this regimen suggests that patients who have comorbidities may benefit from less aggressive treatments such as bendamustine + rituximab (BR), fludarabine + rituximab (FR) or chlorambucil + obinutuzumab (CLB-Ob). A subgroup of younger patients with good risk features [mutated IgVH and lack of del(17p) or del(11q)] have a very long PFS following therapy with FCR with a plateau in the PFS curve so these patients should receive FCR whenever possible.
For fit patients <70 years old with unmutated IgHV, we recommend BTK inhibition (with ibrutinib monotherapy) based on an overall survival advantage noted with this therapy.
3. In frail patients with significant co-morbidities and competing causes of death, less toxic treatment options are warranted such as chlorambucil and obinutuzmab. Whenever possible, all patients should receive an anti-CD20 monoclonal antibody with first line therapy based on evidence of a PFS and OS advantage when combined with chemotherapy.
4. Patients whose CLL possesses del(17p) and/or TP53 mutation have poor responses to standard chemotherapy and as such, ibrutinib is the preferred treatment choice for these patients.
Second and Subsequent Line Treatment Options:
1. Venetoclax in combination with rituximab with a fixed 2 year duration of therapy is a highly effective option for relapse/refractory CLL and is the preferred second line therapy for most patients due to its fixed duration of therapy.
2. Ibrutinib monotherapy leads to lengthy remissions in patients with relapsed/refractory CLL and is another option for secondline therapy.
3. Idelalisib in combination with rituximab can lead to durable responses but has high rates of infectious toxicity and would only be considered in patients who are ineligible for ibrutinib.
Venetoclax, a BCL2-inhibitor is the treatment of choice in patients who fail or are intolerant to BCRinhibitors (ibrutinib or idelalisib + rituximab).
5. Chemoimmunotherapy (ex bendamustine and rituximab) may be considered in patients who have failed all other therapeutic options, particularly in those attempting to progress to curative HSCT.
6. Allogeneic stem cell transplantation (HSCT) should be considered for fit patients who are younger than 70 years of age, require treatment and, have progressed on a targeted therapy or who have Richter's transformation with remission to the aggressive lymphoma. Allogeneic stem cell transplantation may be delayed in patients achieving responses to ibrutinib or idelalisib + rituximab; however HLA typing should be performed to identify a possible transplant donor. High risk features that should prompt earlier consideration of HSCT include patients who have had ≥ 3 prior lines of therapy and those with complex karyotypes by conventional cytogenetics.
Follow-up and Supportive Care:
1. Patients with CLL often have compromised immune systems due to either the disease itself and/or the associated treatments. Antibiotic prophylaxis and regular vaccinations are recommended, depending on the type of treatments administered. PCP and anti-viral prophylaxis are strongly recommended for all patients receiving fludarabine-containing regimens (including all patients receiving FCR) bendamustine-based therapy and for patients receiving idelalisib therapy. Patients treated with alemtuzumab should also be screened for CMV reactivation with weekly CMV PCR. Primary prophylactic use of G-CSF is not recommended with FCR due to the risk of progressive neutropenia, dose reduction of cytotoxic agents (F +/-C) is preferred.
2. Special attention should be paid to the appearance of autoimmune cytopenias, such as autoimmune hemolytic anemia, immune thrombocytopenia purpura, and pure red-cell aplasia, which occur in up to 11 percent of patients with CLL.
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DISCUSSION

I. Diagnosis
CLL is described by the World Health Organization (WHO) as a neoplasm composed of monomorphic small, round-to-slightly irregular B-lymphocytes in the peripheral blood, bone marrow, spleen, and lymph nodes, admixed with prolymphocytes and paraimmunoblasts forming proliferation centres in tissue infiltrates 1 . According to the 2008 International Workshop on CLL (IWCLL) guidelines, the diagnosis of CLL requires a circulating B-lymphocyte count greater than or equal to 5 x 10 9 /L in the peripheral blood, for the duration of at least 3 months 4 . Although CLL and small lymphocytic lymphoma (SLL) are categorized by the WHO as similar entities, the term SLL is used to indicate neoplastic tissue infiltration in lymph nodes, spleen, or other organs associated with a circulating B-lymphocyte count that does not exceed 5 x 10 9 /L 1 .
Monoclonal B-cell lymphocytosis (MBL) is a condition that resembles CLL, but does not require treatment. As many as 12 percent of healthy individuals over the age of 40 may have low levels (less than 5 x 10 9 /L) of circulating monoclonal B-cells that are phenotypically identical to CLL cells, but with no evidence of tissue infiltration 4 . High count MBL progresses to CLL at a rate of one to two percent of patients per year 5, 6 .
Clinical features of CLL vary in their presentation, course, and outcome. Patients are often asymptomatic at diagnosis, but fatigue, autoimmune hemolytic anemia, infections, splenomegaly, hepatomegaly, lymphadenopathy, or extra-nodal infiltrates may be present. Some patients may also exhibit a small serum monoclonal protein, an M-component. Although in rare cases patients may not have lymphocytosis at diagnosis, peripheral blood and bone marrow are usually involved as the disease progresses. Lymph nodes, liver, and spleen are commonly infiltrated, with other extra-nodal sites becoming involved in some patients 1 
.
Although some CLL cases may have an atypical immunophenotype, the characteristic profile includes CD19/CD5/CD23/CD43/CD200 positivity with weak CD20 and CD11c positivity and dim surface immunoglobulin expression with restricted light chain expression 1 .
II. Staging
Two widely accepted staging methods, the modified Rai and the Binet systems, are used in both patient care and for clinical trials; the modified Rai system is the most commonly used in Canada. These staging systems are relatively simple, relying solely on physical examination and standard laboratory tests [7] [8] [9] . 
Stage Description Median Survival (years)
A Hemoglobin ≥100 g/L and platelets ≥100 x 10 9 /L and <3 involved nodal areas > 10 B Hemoglobin ≥100 g/L and platelets ≥100 x 10 9 /L and ≥3 involved nodal areas 5 C Hemoglobin <100 g/L and or platelets <100 x 10 9 /L and any number of involved nodal areas 2.0-4.0
III. Prognostic and Predictive Biomarkers
A number of predictive and prognostic markers have been identified that may predict for responsiveness to chemotherapy and survival. In general, patients with a normal karyotype or isolated del(13q) can be categorized as low risk with prolonged time to disease progression and better chances of long-term survival, whereas patients with del(17p), and del(11q) are more likely to have a poor prognosis 10 . Del(17p) leads to loss of the p53 tumour suppressor gene, which mediates cell death induced by alkylating agents and purine analogues. Mutations in TP53 confer the same inferior prognosis as del(17p). Testing for TP53 mutations is thus recommended in patients who are not already known to harbor del(17p) 11 .
(However, such testing is not yet routinely available in Canada). Patients with del(17p) and/or TP53 mutation are typically less responsive to chemoimmunotherapy, but respond well to the novel agents including BCR inhibitors (ibrutinib and idelalisib + rituximab) 12 or BCL-2 inhibitors 5, 13 . FISH analysis for del(17p) and TP53 mutations testing is also useful in the selection of patients with ultra-high risk disease who might benefit from allogeneic stem cell transplantation. Such patients are at high risk of treatment failure and are likely to become refractory to treatment or to relapse early after fludarabine-based therapy 14 . FISH studies for del(17p) and TP53 mutation analysis should thus be performed when therapy is required. Other cytogenetic abnormalities do not impact treatment decision-making and are not routinely required outside of clinical trials. Serum markers. Serum markers such as CD23, thymidine kinase (TK), and ß2-microglobulin (ß2M) may predict overall or progression-free survival (PFS) 5 . Even in cases of early stage disease, serum TK levels correlate with tumour mass and proliferative activity of CLL cells. In addition, high levels of CD23 are associated with diffuse bone marrow infiltration and rapid lymphocyte doubling time. Serum TK and CD23 assays are not routinely available in Canada. Alternatively, serum levels of β2M are easily available at most Canadian centres and correlate with both clinical stage and overall survival 10 .
The value of prognostic markers in elderly patients is questionable with evidence suggesting that most of the reported prognostic factors are not relevant to the elderly CLL population 16 .
IV. Patient Fitness and Response Assessments
Assessing patient fitness. Patient fitness and co-morbidities should be considered in treatment decisions to determine whether aggressive treatments can be tolerated. Several scales exist for determining patient fitness, two of the most common being the Eastern Cooperative Oncology Group (ECOG) Performance Status and the Cumulative Illness Rating Scale (CIRS), both of which can be found in Appendix A 17, 18 . The CIRS assesses co-morbidities in different organ systems by assigning points to various conditions. The physician tabulates the number of points in a variety of body systems, with a low score indicating optimal health 19 . The CIRS has been used in combination with creatinine clearance (CrCl) by the German CLL Study Group to assess patient fitness for eligibility in phase III studies 19 .
Once a fitness score has been determined, it is possible to group patients into a fit or frail group: • including CT scans, are not recommended in general practice for routine screening/staging 5, 20 . Patients in remission should be re-evaluated every three to six months to monitor disease status 21, 22 . Based on the results of the assessment, patients may be categorized as having a complete response (CR), a partial response (PR), progressive disease (PD), or stable disease (SD), as outlined in Table 3 . The IWCLL response criteria require an assessment of response no earlier than 2 months after completion of therapy 5 . Patients with a clinically beneficial response include those achieving CR and PR; treatment failure includes those with SD, non-response, PD, or death from any cause. Patients experiencing treatment failure during or within six months of treatment are identified as having refractory disease. Those demonstrating PD more than six months after treatment has ended, who have previously achieved a CR or PR, are identified as having relapsed disease 5 . 
V. Treatment First Line Treatment Options for CLL
The ultimate treatment goal in CLL is to achieve a long overall survival, while minimizing toxicities and improving quality of life. In the absence of a survival benefit, achieving a long PFS is a reasonable goal of therapy. For some frail patients, less aggressive treatments may be required; for others, supportive or palliative treatment may be the best course 23 . Consideration of the patient's preference is always important in the determination of any treatment decision.
Chlorambucil
Chlorambucil (CLB) has been used as a frequent treatment for CLL for over 40 years. Many different dosing schedules have been used in CLL, including intermittent dosing from 40 mg/m 2 every 28 days to 10 mg/m 2 x 7 days every 28 days, 0.5-0.8 mg/kg q14days or continuous daily dosing of 0.1 mg/kg/day. A convenient oral dosing and well-established side effect profile make CLB a valuable option for frail patients or for those who decline or are unsuitable for more intensive intravenous therapy [24] [25] [26] [27] . Given PFS and OS advantages of anti-CD20 monoclonal antibodies (mAbs), even in older frailer patients, and data for an OS advantage of ibrutinib monotherapy over CLB monotherapy, the use of CLB monotherapy should now be restricted to a small minority of very frail patients.
Fludarabine
Fludarabine has been shown to produce response rates of between 50 and 60 percent in patients refractory to traditional alkylating-agent therapy 27, 28 . The superior activity of fludarabine has also been confirmed in treatment-naïve patients. In randomized comparisons to alkylating agents, fludarabine has demonstrated a superior clinical response, with response rates of 60 to 80 percent and CR rates of 15 to 20 percent 24, 26, 29, 30 . A Cochrane meta-analysis of four randomized trials confirmed the findings of superior PFS with fludarabine (HR=0.70; p <0.00001) 31 . In addition, in a recent long-term follow-up analysis of a previous study, Rai et al. reported a survival advantage of fludarabine (63 months versus 59 months, p = 0.04) 32 . Despite improved efficacy, however, rates of neutropenia are higher with fludarabine than with chlorambucil 24, 31 . Evidence suggests a lack of benefit of fludarabine over chlorambucil in the elderly patient population 33, 34 . Fludarabine monotherapy is not appropriate for the first line treatment of CLL patients as any patient fit to tolerate fludarabine should be offered chemo-immunotherapy.
Addition of Anti-CD20 monoclonal antibodies to Chemotherapy Backbones
As a single agent in CLL, rituximab has only moderate activity, perhaps because of the dim CD20 expression on CLL cells. Rituximab has been studied in a number of clinical trials evaluating its additional impact in combination therapy. Obinutuzumab is a novel Type II anti-CD20 mAb approved for the treatment of CLL in combination with CLB. The addition of rituximab to FC lead to an OS advantage compared to FC alone in the German CLL Study Group (GCLLSG) CLL8 study (in younger fit CLL patients). In the GCLLSG CLL11 study, both obinutuzumab and rituximab lead to an OS advantage in combination with CLB compared to CLB monotherapy (in previously untreated older CLL patients with comorbidities). This data confirms that all CLL patients benefit from an anti-CD20 mAb added to chemotherapy as a part of frontline therapy.
Fludarabine-rituximab (FR). Byrd et al.
conducted the randomized CALGB 9712 phase II study to determine the efficacy, safety, and optimal administration schedule for rituximab with fludarabine in previously untreated CLL patients 35 . In a subsequent retrospective analysis published in 2005, patients given FR in the CALGB 9712 trial were compared to patients given fludarabine monotherapy in the CALGB 9011 trial with a higher PFS and OS in patients treated with FR 36 . Based on these results, some Canadian centres adopted the use of FR as the standard first-line treatment in both fit and frail patients; however, no-Phase III studies exist to justify the use of FR today.
Fludarabine-cyclophosphamide-rituximab (FCR).
Three randomized trials comparing fludarabine (F) or fludarabine-cyclophosphamide (FC) for frontline therapy in CLL were published, all showing an improved overall response (OR) rate and PFS for FC compared with F monotherapy but with no statistically significant OS advantage 22, 24 .
Following these studies, the phase III GCLLSG CLL8 trial compared the primary endpoint of PFS after treatment with FCR or FC in younger fit CLL patients 19 . Study participants included 817 patients selected for minimal co-morbidity (CIRS <6). Patients were randomly assigned to receive six courses of either FC or FC with the addition of rituximab. Median PFS was reported as 32.8 months in the FC arm and 51.8 months in the FCR arm (HR 0.56; p <0.0001). Statistically significant differences were observed in OS rates between the two treatment arms (87.2% in the FCR arm versus 82.5% in the FC arm at 37.7 months, p = 0.012). This was the first Phase III study in CLL to demonstrate an OS advantage. Grade 3 and 4 hematological toxicity, neutropenia, and leukocytopenia rates were higher in the FCR versus FC arm (55.7% versus 39.6%, 33.7% versus 21%, and 24.0% versus 12.0%, respectively; p <0.0001) 19 . Based on the results from the CLL-8 trial, FCR was the standard of care chemo-immunotherapy for firstline treatment of young, fit CLL patients.
The doses of rituximab recommended in clinical practice are: 375 mg/m 2 for cycle 1, 500 mg/m 2 for cycles 2 through 6, in combination with 25 mg/m 2 of fludarabine and 250 mg/m 2 of cyclophosphamide on days 1-3 of each cycle. A regimen adaptation can be considered to provide the fludarabine and cyclophosphamide as oral agents on Days 2 and 3 with the usual doses of R-F-C on Day 1 and fludarabine 40mg/m2 oral on Days 2-3 and cyclophosphamide 300mg/m2 oral on Days 2-3. There is significant potential toxicity of FCR. Dose reductions and treatment delays are frequently required during FCR therapy. G-CSF prophylaxis should not be used to maintain maximal dosing as this may result in profound and prolonged neutropenia. Late infections are also common with this regimen so prophylactic anti-infectives should be continued for a minimum of 3-6 months post-therapy.
Bendamustine-rituximab
A Phase III randomized controlled trial proved that bendamustine was superior to CLB with improved ORR and PFS and time to next treatment (TTNT) 37 .
The phase III GCLLSG CLL10 trial compared BR to FCR in young, fit CLL patients. With a median followup of 37.1 months, overall response was 95% in the FCR group vs. 96% in the BR group (p=1.0) and complete response was 40% in the FCR group vs. 31% in the BR group (p=0.034). There was no OS difference between treatment groups (p=0.897). Median PFS was 41.7 months (95%CI: 34.9-45.3) with BR and 55.2 months (95%CI no evaluable) with FCR (HR: 1.643, 90.4%CI: 1.308-2.064). The upper limit of the 90.4% CI was greater than 1.388, therefore, the null hypothesis for the corresponding non-inferiority hypothesis was not rejected. Severe neutropenia and infections were more frequently observed with FCR group compared to the BR group (235(84%) vs. 164(59%), and 109(39%) vs. 69(25%), respectively). These observations were more pronounced in the >65 years population of the study 38 .
Based on these results, FCR should still be considered the standard of care for those who are young and physically fit as defined by GFR > 70 ml/min and CIRS score ≤ 6. FCR is also favoured in patients with mutated IgVH in the absence of del(17p) or del(11q) because of the chance of prolonged disease control. However, based on the CLL10 study results showing no improvement in OS or PFS in patients aged ≥ 65 years and substantial grade 3 and higher hematologic toxicity and infection in such patients receiving FCR, we favour BR in this patient population.
Chlorambucil-rituximab and Chlorambucil-obinutuzumab
The optimal frontline therapy for elderly patients with CLL and comorbidities was evaluated in a phase 3 randomized clinical trial of chemoimmunotherapy comparing CLB plus obinutuzumab [GA-101] (GClb) with CLB plus rituximab (RClb) versus CLB monotherapy 39 . The median age of the population was 73, CIRS score was 8 and median GFR was 63 mL/min. Both antibody containing groups (GClb and RClb) proved significantly better than Clb monotherapy in terms of ORR and PFS. GClb was associated with improved PFS compared to RClb (26.7 months versus 15.2 months, p<0.0001). GClb also conferred an overall survival benefit over Clb monotherapy (HR 0.41, p=0.002). Minimal residual disease (MRD) negativity, which in the CLL8 trial was shown to correlate with improved PFS and OS, was observed significantly more frequently with GClb than RClb. Toxicities were similar with the chemoimmunotherapy groups with an increase in infusion-related reactions (IRRs) in the GClb-treated patients, with IRRs typically occurring only with Cycle 1. There was no difference in severe infections or treatment related deaths between the three groups. An update of this trial also reported an improvement in OS in the patients in the RClb group compared to Clb monotherapy.
In patients who are frail or elderly, the addition of an anti-CD20 monoclonal antibody (rituximab or GA101) results in improved PFS and OS over CLB monotherapy. The use of the novel monoclonal anti-CD20 antibody obinutuzumab (GA 101) improves PFS over rituximab and a larger improvement in OS over CLB monotherapy. These results support the use of chemoimmunotherapy in all CLL patients as a part of frontline therapy and justify the replacement of rituximab with obinutuzumab when used in combination with CLB.
Ibrutinib
The open-label, phase III RESONATE-2 trial 40 randomized (1:1) 269 patients who were at least 65 years of age (range: 85-89; median 73 years) with a diagnosis of CLL or small lymphocytic lymphoma to receive oral ibrutinib (420mg once daily) or up to 12 cycles of chlorambucil monotherapy (dose of 0.5mg/kg on day 1 and 15 of a 28 day cycle, increasing to 0.8mg/kg if no unacceptable levels of toxic effects) 40 . After a median follow-up period of 18.4 months, ibrutinib resulted in significantly longer PFS than chlorambucil (median not reached vs. 18.9 months), with a risk of progression or death that was 84% lower with ibrutinib when compared to chlorambucil (HR: 0.16; p<0.001). The 24-month OS was also significantly improved with ibrutinib (98%) vs. chlorambucil (85%), despite a cross-over design of the study, with the relative risk of death being 84% lower with the ibrutinib group (HR: 0.16; p=0.001). Adverse events (any grade) occurred in at least 20% of ibrutinib patients, including diarrhea, fatigue, cough, and nausea. Adverse events for chlorambucil also occurred in at least 20% of patients and included nausea, fatigue, neutropenia, anemia, and vomiting. In the ibrutinib group, 4 patients experienced grade 3 hemorrhage and 1 patient experienced grade 4 hemorrhage. 10% of patients experience atrial fibrillation.
The OS advantage demonstrated by ibrutinib in the firstline treatment of CLL at a short median follow-up is important; however, the comparator arm (chlorambucil monotherapy) was not a standard of care treatment option, which limited the value of this study's results.
Three subsequent studies have compared BTK inhibition with ibrutinib ± monoclonal anti-CD20 therapy to chemo-immunotherapy.
The Alliance A041202 study was a Phase 3 trial that aimed to compare ibrutinib with or without rituximab against bendamustine and rituximab (BR) in previously-untreated, older (≥ 65 years) patients with CLL 41 . PFS was significantly improved with the use of ibrutinib (87%) compared to BR (74%, HR, 0.39; 95% CI, 0.26 to 0.58; p<0.001) while the addition of rituximab (88%) did not improve outcomes over ibrutinib monotherapy (HR, 1.00; 95% CI, 0.62 to 1.62; P = 0.49). Mutational status of IgVH was not routinely performed in the study so some information was missing in this regard but methylation status of ZAP-70 (a surrogate for IgVH mutation status) was performed and only the group with methylated ZAP-70 (the favourable risk group) did not exhibit a statistically significant difference in PFS in pre-planned subgroup analyses. Ibrutinib was not without toxicity and non-hematological toxicities were higher than in the BR arm (grade 3-5 non-hematological toxicities 74% for ibrutinib-containing regimens compared to 63% for BR) while hematological toxicities were higher with BR (grade 3-5 hematological adverse events 61% with BR compared to 41% with ibrutinib). Adverse events of interest with ibrutinib including atrial fibrillation and hypertension were common with atrial fibrillation occurring in 17% of patients in the ibrutinib group and 14% in the ibrutinib + rituximab group, compared to 3% with BR. Grade 3 or higher hypertension occurred in approximately 30% of ibrutinib-treated patients. Importantly, several treatment-related deaths occurred with ibrutinib including sudden cardiac deaths and 1 major bleeding event. No overall survival (OS) difference has been observed between the groups at this time, though follow-up is considered short for CLL.
The iLLUMINATE study, another Phase 3 study of previously untreated CLL patients had the same aim of assessing the value of ibrutinib compared to chemo-immunotherapy in older and/or unfit patients or high risk patients 42 . The iLLUMINATE study had several differences compared to the Alliance study in that ibrutinib was combined with obinutuzumab with no ibrutinib monotherapy arm and the chemoimmunotherapy comparator was chlorambucil plus obinutuzumab (CLB-O). The study was presented as an oral presentation and reported similar results to the Alliance study with an improvement in PFS in the ibrutinib plus obinutuzumab group versus the chlorambucil plus obinutuzumab group in PFS (79% [95% CI 70-85] versus 31% [23%-40%]) but no difference in OS. The ILLUMINATE trial selected a higher risk population of patients with a large proportion of patients with TP53 aberrations (20% in the CLB-O arm) which led to a shorter PFS than would normally be expected with CLB-O. Also, the toxicities of ibrutinib in this population of patients with more comorbidities was very high with 9% of deaths in the ibrutinib arm occurring secondary to adverse events (most related to cardiac events). Although one cannot compare outcomes between studies, it is not clear that the obinutuzumab added additional value to the ibrutinib in this study.
Finally, the ECOG 1912 is a Phase 3 cooperative group study that compared ibrutinib + rituximab to chemoimmunotherapy with fludarabine, cyclophosphamide and rituximab (FCR) in a young and fit CLL population 43 . The results of the ECOG 1912 study are very important because in contradiction to the other 2 frontline studies of BTK inhibition versus chemo-immunotherapy, this study observed both a PFS and an OS advantage of ibrutinib + R compared to FCR. The hazard ratio for PFS was 0.352 (95% CI 0.223-0.558; p<0.0001) and 0.168 (95% CI 0.053-0.538; p=0.0003, pre-specified boundary for superiority p=0.0005) for OS, both favoured IR. No significant different was demonstrated in PFS in the subgroup of patients with mutated IgVH. Given data suggesting the possibility of very lengthy remissions and even potential cure with FCR in patients with mutated IGVH, we would continue to favour FCR in these patients 44 . Ibrutinib toxicities were much less marked in these younger patients with only 1% of patients dying from an unexplained event (likely sudden cardiac event) and most deaths in the FCR arm occurring due to CLL. As this was only an interim analysis, the full results of the study are not yet published and further details will be interesting in understanding the differences between this study and the Alliance A041202 and iLLUMINATE studies.
These frontline CLL studies are practice-changing in clarifying that ibrutinib monotherapy is a valuable treatment option for previously untreated CLL patients and leads to improved PFS compared to standard chemo-immunotherapy. However, the lack of OS benefit and the much higher cost of ibrutinib in older patients support chemoimmunotherapy remaining an appropriate choice for most patients. Younger (< 70 years), fit patients with unmutated IGVH should receive ibrutinib monotherapy as firstline treatment given the OS advantage demonstrated in the E1912 study.
Ibrutinib for Patients with del(17p)
The phase II RESONATE-17 trial evaluated relapsed/refractory CLL patients with 17p 45 . All patients (n=144) had failed at least one therapy, and were enrolled to receive 420 mg oral ibrutinib once daily until progression. At median 13-months follow-up, the 12-month PFS was 79.3%. Progressive disease was reported in 20 patients (13.9%). Richter Adverse events were similar to other ibrutinib studies. Adverse events were responsible for 16 patients (11.1%) discontinuing treatment, and 8 patients had fatal events (pneumonia, sepsis, myocardial or renal infarction, health deterioration).
While the RESONATE-2 study excluded patients with del(17p), the safety and efficacy of ibrutinib demonstrated in these previously untreated CLL patients suggests that ibrutinib monotherapy would be a safe option for patients with previously untreated CLL with del(17p). As all other therapies (chemoimmunotherapy) have proven ineffective in this patient population, we favour ibrutinib in any patient with deletion 17p irrespective of whether the patient is previously untreated or relapsed/refractory.
Alemtuzumab for Patients with del(17p)
With the approval of ibrutinib for patients with CLL and del(17p), alternate treatments will rarely be required. However, alemtuzumab acts via a p53 independent mechanism, and has improved results in patients with del(17p) compared to conventional chemotherapies 46 . Evidence of the role of alemtuzumab in high-risk patients was first shown in the refractory setting in a study by Stilgenbauer et al., who reported a response rate of 54% in fludarabine-refractory patients with del(17p) or p53 abnormalities 47 . In a subsequent trial, Lozanski et al. reported a 31 percent response in patients with this high-risk profile 48 .
Second and Subsequent Line Treatment Options for Relapsed and Refractory Patients with CLL
Recommendations for second-line treatment of CLL should consider individual factors such as comorbidities.
The MURANO study was a phase III study comparing venetoclax-rituximab with bendamustine-rituximab therapy in relapsed/refractory CLL, after a median follow-up of 3 years 49 . PFS and OS were found to be
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Version 5 . After a median follow-up of 23.8 months, the rate of investigator-assessed PFS was significantly higher in the venetoclaxrituximab group compared to the bendamustine-rituximab group (84.9% vs 36.6% (HR 0.17; 95% CI, 0.11 to 0.25; p<0.001). These results were seen across all subgroups, including patients with chromosome 17p deletion (81.5 % in the venetoclax-rituximab group vs 27.8% in the bendamustine-rituximab group (HR 0.13; 95% CI, 0.05 to 0.29).
Ibrutinib
The multicenter, open-label, phase III RESONATE trial randomized 391 patients with relapsed or refractory CLL or small lymphocytic lymphoma to receive daily ibrutinib or ofatumumab. At a median follow-up of 9.4 months, ibrutinib significantly improved progression free survival (median duration was not reached in the ibrutinib group; progression-free survival of 88% at 6 months). Median progression free survival was 8.1 months in the ofatumumab group. The hazard ratio for progression or death in the ibrutinib group was 0.22 (p<0.001). Overall survival at 12 months was 90% in the ibrutinib group compared to 81% in the ofatumumab group (hazard ratio: 0.43; 95%CI 0.24 to 0.79; p=0.005). The overall response rate was significantly higher in the ibrutinib group compared to the ofatumumab group (42.6% compared to 4.1%, respectively; p<0.001). An additional 20% of patients treated with ibrutinib had a partial response with lymphocytosis. Patients with del(17p) responded similarly to those without 51 .
Idelalisib + rituximab
The randomized, multicenter, double-blind, placebo-controlled, phase III trial NCT01539512 compared Idelalisib (150 mg twice daily) plus rituximab to placebo plus rituximab in relapsed CLL patients. Idelalisib is an oral inhibitor of the delta isoform of phosphatidylinositol 3-kinase. Amongst (n=220) patients, median progression-free survival was 5.5 months in the placebo arm and was not reached in the idelalisib arm (HR: 0.15; p<0.001). Patients in the idelalisib arm had improved overall response (81% vs 13%; p<0.001) and overall survival at 12-months (92% vs 80%; p=0.02) compared to the placebo arm. Serious, adverse events were reported in 40% of patients in the idelalisib arm, compared to 35% in the placebo arm 54 with the most common serious adverse events being pneumonia (6%), pyrexia (6%), and febrile neutropenia (5%) (rates were similar in the placebo arm). Grade 3-4 diarrhea on idelalisib has been reported from 16-42% [51] [52] [53] .
Fludarabine and alemtuzumab combination therapy (FluCam)
The combination of fludarabine and alemtuzumab (FluCam) was compared in a Phase III study to fludarabine monotherapy in 335 patients with relapsed/refractory CLL after 1 prior line of therapy. Patients in the combination group received fludarabine 30mg/m2 per day and alemtuzumab 30mg per day on days 1-3 of a 28 day cycle. Patients receiving FluCam had a significantly improved OS (median not reach compared to 52.9 months [p=0.021]). This regimen will rarely be required in the era of novel agents because of the reduced access to alemtuzumab and the infectious risks and CMV monitoring requirements.
CLINICAL PRACTICE GUIDELINE LYHE-007 Version 5
Page 16 of 31
High dose corticosteroids
High dose steroids have been examined as monotherapy or in combination with rituximab in several single centre or Phase II studies. The typical dose of corticosteroid is methylprednisolone 1.0g/m2/day x 5 days every 28 days [54] [55] [56] [57] [58] . While subject numbers are small and many of the reports are retrospective, overall response rates are high, ranging from 62%-94% with responses noted in patients with del(17p) and in patients with fludarabine-refractory disease. High dose steroids +/-rituximab may be considered for patients who have failed novel agents as a bridge to allogeneic HSCT but otherwise should rarely be used in the era of novel agents.
Choosing between novel agents ibrutinib and idelalisib +/-rituximab and venetoclax + rituximab
All of the novel agents have demonstrated impressive efficacy in patients with relapsed/refractory CLL. Several factors can be considered when selecting between these agents including expected toxicities and desire for time-limited therapy. While no head-to-head studies have been performed comparing ibrutinib to idelalisib+ rituximab, recent data suggesting high rates of infections and treatment-related deaths with idelalisib 59 favour ibrutinib as the BCR inhibitor of choice. Similarly, no head-to-head studies have compared ibrutinib to venetoclax + rituximab; however, venetoclax appears to have a better adverse event profile and the time-limited therapy provides an expected cost savings, which favour venetoclax + rituximab over ibrutinib. Although there is limited data for ibrutinib treatment following venetoclax + rituximab failure, small series have reported reasonable responses rates 60 in this setting and there is no biological rationale that ibrutinib should not provide benefit after venetoclax failure.
Venetoclax monotherapy
A multicenter, open-labelled, non-randomized, phase 2 trial of adult patients with relapsed or refractory CLL, previously treated with ibrutinib, negative for Richter's transformation, has reported interim outcomes from 91 patients after treatment with venetoclax (20mg stepwise dose ramp-up to 400mg over 5 weeks). 61 After a median follow-up of 12 months, 59 of 91 (65%, 95% CI 53-74) patients had an overall response. The most common treatment-emergent grade 3 or 4 adverse events were neutropenia (51% of patients), thrombocytopenia (29% of patients), anemia (29% of patients), decreased white blood cell count (19% of patients), and decreased lymphocyte count (15% of patients). Disease progression was responsible for 7 of 17 deaths in the cohort, none of which were treatment-related deaths.
A smaller phase 2 study of 36 patients with refractory/relapsed CLL after ibrutinib or idelalisib were treated with venetoclax (20mg daily, followed by intrapatient ramp-up to 400mg daily).
62 Estimated 12-month progression free survival was 79%, with 2 patients achieving complete remission. The most common adverse events (AEs; all grades) were neutropenia (56%), diarrhea (42%), upper respiratory tract infection (39%), thrombocytopenia (36%), nausea (31%), fatigue (28%), cough (22%), rash (22%), and anemia (22%). Based on these data, venetoclax is recommended in patients who fail or are intolerant or inappropriate for BCRi.
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Allogeneic stem cell transplantation.
Allogeneic stem cell transplantation may be considered for fit patients younger than 65 years who:
• Have refractory CLL • Have CLL with del(17p) abnormalities (patient be initiated on a BCR inhibitor or venetoclax-based therapy and assessed for HSCT) • Have progressed on a targeted therapy (BCR inhibitor, venetoclax, etc) • Have Richter's transformation after achievement of remission of the aggressive lymphoma As the novel therapies (ibrutinib, venetoclax + rituximab and idelalisib + rituximab) have excellent reported response rates in high risk patients, allogeneic HSCT should be individualized in patients receiving novel agents (considering transplant-related factors of donor availability and patient preference). High risk disease features that should prompt earlier consideration of HSCT include 1) poor response or loss of response to novel agent, 2) high risk cytogenetic features including del(17p), TP53 mutation, del(11q), complex karyotype by conventional cytogenetics 3) ≥ 3 prior lines of therapy.
Timing of HSCT for patients treated with BCR inhibitors should occur before the median expected PFS for the respective risk groups:
VI. Managing Complications and Supportive Care in CLL
Prevention and management of infections. Patients with CLL often have compromised immune systems due to the disease itself and/or its associated treatments. Infections are therefore common, and prophylaxis is appropriate, depending on the type of treatment given. The use of live vaccines in patients with CLL is not recommended. However, the use of inactivated vaccines such as annual influenza and pneumococcal polysaccharide (PPV) every five years for patients not yet treated or in remission for more than three months is recommended 63, 64 . Screening for tuberculosis should be considered in patients from endemic areas. The new inactivated Varicella Zoster vaccine has not been tested in patients with CLL but should be considered. Vaccinations are not recommended until 6-9 months post-anti-CD20 therapy. Table 6 summarizes antibiotic prophylaxis and recommended vaccinations for patients with CLL. Where patients experience recurrent infections that require intravenous antibiotics or hospitalization, antimicrobials should be given as needed. In patients with recurrent bacterial infections and where serum IgG is less than 5 g/L, monthly intravenous or subcutaneous immunoglobulins can be given at 0.3-0.5 g/kg; dose and interval should be adjusted to maintain a nadir level of more than 5 to 7 g/L 28 .
Autoimmune cytopenias.
Patients with CLL are at increased risk of developing autoimmune cytopenias, such as autoimmune hemolytic anemia (AIHA), idiopathic thrombocytopenia purpura (ITP), and pure red cell aplasia (PRCA). AIHA will develop in approximately 11 percent of advanced-stage CLL patients 65 . AIHA is diagnosed by the presence of at least one marker of hemolysis (increased indirect bilirubin not due to liver disease, increased lactate dehydrogenase without alternative etiology, increased absolute reticulocyte count, increased bone marrow erythropoiesis in the absence of bleeding, or decreased haptoglobin) with direct or indirect evidence of an autoimmune mechanism (positive direct antiglobulin test (DAT) for either IgG or C3d, cold agglutinins, or at least two markers of hemolysis in the absence of evidence of bleeding or hypersplenism) 66 .
ITP is less common, occurring in two to three percent of CLL patients at diagnosis or during early stage disease 65 . ITP can be identified where platelet counts are less than or equal to 100 × 10 9 /L with no evidence of hypersplenism, no evidence of increased platelet consumption due to other causes, and normal or increased megakaryocytes on bone marrow examination 67 . PRCA is present in six percent of CLL patients that are tested 65 . PRCA can be diagnosed when hemoglobin concentration is less than or equal to 120 g/L, with reticulocytopenia and isolated absence of erythrocyte precursors in the bone marrow. Parvovirus infection must be ruled out, which can be done by using a blood polymerase chain reaction (PCR) assay 68 .
ITP and AIHA, as a single abnormality caused by CLL, should be treated initially using glucocorticoids. Several case reports and small series have described an increased risk of AIHA following single-agent fludarabine therapy; particularly in patients with a positive DAT. Combination therapy may be preferable in the treatment of patients with CLL with a history of AIHA. The incidence of treatment-induced AIHA appears low with combination chemoimmunotherapy with FCR or BR so these regimens remain good options. Alternatively, RCD (rituximab, cyclophosphamide and decadron) appears to have good response rates for control of refractory AIHA and as a CLL-therapy 69, 70 . Second-line options for AIHA include CLINICAL PRACTICE GUIDELINE LYHE-007 Version 5
splenectomy and intravenous immunoglobulins. Good responses have also been obtained using rituximab or alemtuzumab 5 . Refractory cases could be considered for immune suppressive therapy with cyclosporine A, azathioprine, or low-dose cyclophosphamide, although these agents are associated with high rates of infection and other complications. Most patients with PRCA will respond to therapy with cyclosporine A or corticosteroids, but prolonged high doses are usually needed; steroid-sparing agents such as cyclophosphamide may therefore be required 66, 67 . Rituximab may be an additional option for the treatment of PRCA, but success rates are lower than those seen for AIHA or ITP 66 .
Richter syndrome.
The majority of Richter syndrome cases involve the transformation of CLL to diffuse large B-cell lymphoma (DLBCL). The morphology of DLBCL consists of sheets of large neoplastic B-lymphocytes clearly distinguishable from small lymphocytes, with sparse cytoplasm and clumped chromatin typical of CLL. Diagnosis of Richter syndrome requires the pathologic identification of CLL transformation to aggressive lymphoma. Ideally, this should be determined by histology using a biopsy of the index lesion 68 . Based on existing data, Richter syndrome may be treated with cytoreductive chemotherapy appropriate for DLBCL (e.g. R-CHOP), with the goal of achieving a response. The role of consolidation therapies previously tested for CLL or DLBCL in patients responding to initial therapy as well as the impact of new first-line therapies, may aid in the development of an ideal treatment approach in these patients 68 . Allogeneic stem cell transplantation should also be considered in younger fit patients with Richter syndrome who respond to initial therapy 71 .
Tumour lysis syndrome.
Tumour lysis syndrome occurs when the release of large amounts of intracellular components of lysed malignant cells leads to a number of metabolic imbalances. Resulting hyperuricemia, hyperkalemia, and hyperphosphatemia may then lead to renal failure and cardiac arrhythmias. Tumour lysis syndrome usually occurs within two or three days after the initiation of therapy, with rare cases occurring after second-line treatment. Major risk factors include high tumour burden, high rate of proliferation, and disease that is highly responsive to therapy 72 .
Before the initiation of treatment, patients with a white blood cell (WBC) count higher than 50,000/mm 3 should be adequately hydrated and monitored frequently. In patients with previous episodes of tumour lysis syndrome, consultation with a nephrologist should be considered. Where overt uremic symptoms are present, dialysis may be necessary in order to prevent acute renal failure. In outpatients, frequent monitoring of serum electrolytes and uric acid is recommended as a preventative measure 72 . Prophylactic allopurinol (300 mg/day orally) is necessary when a rapid lysis of large numbers of lymphocytes is anticipated (initial WBC count >200 x 10 9 /L). Allopurinol should also be given to patients with significant renal dysfunction or chronic hyperuricemia. In the advent of tumour lysis syndrome it may be necessary to interrupt treatment until symptoms are resolved. Cardiac activity should be monitored continuously, and frequent monitoring of electrolyte levels is recommended 72 . Rasburicase may also be considered for the prevention and treatment of tumour lysis syndrome in patients with a high WBC count, coexistent renal insufficiency, and an allopurinol intolerance or allergy.
Close monitoring for tumour lysis syndrome is recommended for patients with lymphocytosis greater than 30 x 10 9 /L who are receiving a first cycle of rituximab. Consideration may be given to dividing the dose over two days for the first infusion.
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Specific TLS prophylaxis recommendations exist for venetoclax as the agent has been associated with fatal TLS cases in early phase studies. A slow dose-escalation over 5 weeks is also required for all patients initiating venetoclax therapy to prevent TLS events 73, 74 .
Blood product support. Transfusion-related graft-versus-host disease has been described in patients actively receiving fludarabine, bendamustine or alemtuzumab. Thus, patients treated with fludarabine, bendamustine or alemtuzumab should receive irradiated blood products. 
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